Hami, Xinjiang, is located in an extremely arid region and jujube is the main economic crop. It is important to adopt dwarf and close-planting technology under drip irrigation and to optimize water and fertilizer management to improve jujube yield and quality. Local 12-year-old jujube trees were treated using two factors of irrigation and fertilization. Three irrigation amounts (520, 700, and 880 mm) and three fertilization levels (248, 318, and 388 kg/hm 2 ) were set up in plot experiments. The root system, yield, and quality of jujube were monitored under different irrigation and nitrogen application combinations. The effects on water use efficiency (WUE), nitrogen partial factor productivity (PNP), and economic benefit were analyzed. The water and fertilizer coupling effect of dwarf closely planted jujube was studied by combining multiple regression and spatial analyses. The yield, quality, economic benefits, WUE, and PNP of jujube were significantly affected by irrigation and fertilization. Multiple regression and spatial analyses showed that the highest yield was for irrigation of 700 mm and a nitrogen rate of 340 kg/hm 2 . For the maximum net benefit, irrigation was 806 mm and nitrogen was 388 kg/hm 2 ; correspondingly, for the highest total sugar, values were 688 mm and 362 kg/hm 2 ; for vitamin C, they were 622 mm and 376 kg/hm 2 ; for PNP, they were 880 mm and 256.57 kg/hm 2 ; and for WUE, they were 520 mm and 388 kg/hm 2 . A comprehensive evaluation of each index showed that the acceptable irrigation amount for yield, quality, WUE, and net benefit of ≥85% of the maximum value was 600-628 mm, and the nitrogen application rate was 360-372 kg/hm 2 . This study provides guidance for the scientific management of water and fertilizer in the drip irrigation and fertilization process of local jujube trees.
Introduction
Xinjiang jujube planting area is 54,400 ha, accounting for one-third of China's total jujube area [1, 2] . In Hami, Xinjiang, the jujube area already accounts for 75% of the total fruit planted area and jujube is the main source of income for local farmers. South Xinjiang is short of water resources and this severely limits development of the jujube industry. More efficient water-saving and precision fertilization technologies must be developed to improve economic benefits [3] . Drip irrigation is an efficient water-saving irrigation technology, and can accurately deliver water and nutrients needed by crops to the root zone, thus saving water, increasing production, and saving labor [4] . Because of the use of drip irrigation, the jujube planting mode in Xinjiang has changed to dwarf close-planting mode, and the new irrigation technology and planting mode also affect water and fertilizer utilization.
Many scholars have studied the effects of water and fertilizer use on the growth index, physiological changes, yield, and quality of drip irrigation for fruit trees in Xinjiang [5] [6] [7] [8] [9] . They have usually used multiple regression methods to determine the optimum ratio of water and nitrogen for each index of jujube trees. In these cases, regression equations with water and nitrogen as independent variables and each single index as a dependent variable are established, and the optimal combination of irrigation and nitrogen application is obtained by solving each equation [9] [10] [11] . However, this kind of research mainly focuses on the influence of single factors, such as irrigation nitrogen application and planting density, or the influence of water and nitrogen combinations on jujube growth. It is difficult to optimize several indexes such as jujube yield, quality, and economic benefits in a single treatment in actual agricultural management. A spatial analysis method was used to horizontally project the three-dimensional curved surface obtained by the binary quadratic regression equation of each index to find the overlapping areas of the acceptable areas of each index [12] [13] [14] [15] [16] . This can simultaneously provide the optimal water and nitrogen combination range satisfying each index, and has wide application. used this method to evaluate the agronomic, environmental, and economic benefits for cauliflower and tomato, and obtained water and nitrogen ranges corresponding to the overlapping region of each index's acceptable region, which provides better operability.
On the basis of multiple regression analysis of various indexes of jujube, this paper provides an optimal combination of water and nitrogen for jujube yield, quality, economic benefit, and water and nitrogen utilization efficiencies. This gives feasible irrigation and nitrogen application intervals for each index from the perspective of high-efficiency water and nitrogen utilization, high yield, high quality, and high benefit, combined with the spatial analysis method. This provides a scientific basis for local jujube irrigation and nitrogen application.
Materials and Methods

Experimental Site Description
In 2015 and 2016, Hongxing, in which Hami jujube has been grown for many years by the 13th Division of Xinjiang ( Figure 1 ) Production and Construction Corps, was selected to do one horticulture in two fields, four buckets, and one ridge. The effects of water-nitrogen coupling on jujube yield, quality, water use efficiency (WUE), nitrogen partial productivity (PNP), and economic benefits were studied in 2015 and 2016, and the effects of water-nitrogen coupling on the root system were increased on the basis of the original detection index in 2016. 
Experimental Treatments and Design
The jujube trees in the experimental area were 13 years of age, average tree height was 1.65 m, and row spacing was 5 m × 2 m ( Figure 2 ). The experiment included three fertilization levels and three irrigation levels. The experiment used a two-factor completely randomized block design, with a total of nine treatments and three repetitions of each treatment (Table 1 ). Each processing cell was The altitude of the test area is 833 m, and it is located at 42 • 32 23 N and 94 • 11 08 E. This area is a typical extremely arid area with a temperate continental climate, and annual average precipitation of less than 50 mm over many years. During the whole growth period of jujube, the total rainfall was only about 30 mm, representing less than 10% of annual average evaporation. The annual sunshine duration is 3360 h, the accumulated temperature greater than 10 • C is 4260 • C, and the frost-free period is about 160 days. The groundwater depth in the test area is below 15 m, and so the influence of groundwater recharge on jujube planting was not considered. The hydrochemical type is SO 4 ·HCO 3 (CL)~Na·Ca. The total soluble solids content is about 0.3-4 g/L. The PH value is 7.8-8.2. The main growth area of jujube roots is soil above 100 cm depth, and the soil is mainly sandy soil with poor water and fertilizer conservation. Every spring, farmyard manure and a small amount of chemical fertilizer is applied to the soil layer above 40 cm depth as the planting base fertilizer. The average bulk density of the soil in the test area was 1.5 g/cm 3 , and the field water holding rate was 16% (mass water content).
The jujube trees in the experimental area were 13 years of age, average tree height was 1.65 m, and row spacing was 5 m × 2 m ( Figure 2 ). The experiment included three fertilization levels and three irrigation levels. The experiment used a two-factor completely randomized block design, with a total of nine treatments and three repetitions of each treatment (Table 1 ). Each processing cell was three consecutive rows, each row being 30 m in length ( Figure 2 ). In the experiment, a single-wing labyrinth drip irrigation belt was used. The designed pressure head flow rate of the dripper was 3.2 L/h, and the distance between drippers was 30 cm. The drip irrigation belts were arranged in a row and two pipes ( Figure 2 ), the interval between the drip irrigation belts was 120 cm, and each drip irrigation belt was 60 cm away from the trunk. Each treatment was irrigated separately, and a ball valve was used as the irrigation switch to control the irrigation amount with the water meter. The jujube tree growth is divided into the following four stages: sprouting new shoots (15 May to 20 June), flowering (21 June to 20 July), fruit inflation (21 July to 15 September), and maturity (16 September to 30 October) stages ( Table 2) . Roots were collected after jujube harvest. The root extraction equipment was a percussion drill (drill bit diameter 10 cm) used for a sampling depth of 90 cm, with one sample taken every 10 cm in depth. These were labeled and stored in a self-sealing bag, and root screening was carried out in the laboratory. These samples' distances between rows were 100, 150, 200, and 250 cm from the trunk, respectively ( Figure 3 ). The sample distance between trees was 0 and 100 cm from the trunk (Figure 3 ). The soil and root samples were washed by clean water indoors, and then roots were spread neatly on A3 white paper marked with 30 cm long black line, and photos were taken with a digital camera. Root length density was calculated using Raster2 vector analysis software for vectorization and Excel for length conversion according to the proportion relation [17] . The photographed root system was put into a craft paper envelope, which was dried and of known quality, and was placed in an oven and dried to constant weight at 105 • C. It was then weighed to thereby calculate root weight density. The root data of these sample points represent the eigenvalue of the root system. Roots were collected after jujube harvest. The root extraction equipment was a percussion drill (drill bit diameter 10 cm) used for a sampling depth of 90 cm, with one sample taken every 10 cm in depth. These were labeled and stored in a self-sealing bag, and root screening was carried out in the laboratory. These samples' distances between rows were 100, 150, 200, and 250 cm from the trunk, respectively ( Figure 3 ). The sample distance between trees was 0 and 100 cm from the trunk ( Figure  3 ). The soil and root samples were washed by clean water indoors, and then roots were spread neatly on A3 white paper marked with 30 cm long black line, and photos were taken with a digital camera. Root length density was calculated using Raster2 vector analysis software for vectorization and Excel for length conversion according to the proportion relation [17] . The photographed root system was put into a craft paper envelope, which was dried and of known quality, and was placed in an oven and dried to constant weight at 105 °C. It was then weighed to thereby calculate root weight density. The root data of these sample points represent the eigenvalue of the root system. 
Measurements
Yield Determination
When the jujube was ripe, it was picked according to plot. Five jujube trees were sampled for each treatment, and 20 jujube fruits were randomly taken from each tree to weigh 100 fresh fruits. The average value was taken, and this was equivalent to yield per hectare.
Quality Determination
Total sugar was determined by Fihrin method and vitamin C was determined by 2,6-dichloroindophenol titration method [18] .
Calculation of WUE:
where Y is the yield of jujube tree and ET is the water consumption.
where P is precipitation, U is groundwater recharge, I is irrigation amount, F is deep seepage, R is runoff, and ΔW is the change of soil moisture in 0-100 cm between the beginning and end of the experiment (all in mm). According to the actual situation during the test, groundwater recharge, deep seepage, and runoff were ignored.
where H is the soil thickness of the i-th layer, γ is the soil dry bulk density of the i-th layer, and θ − θ is the water content at the beginning and end of the soil calculation period of the i-th layer
2.3.4. Nitrogen Partial Productivity (PNP) 
Yield Determination
Quality Determination
where P is precipitation, U is groundwater recharge, I is irrigation amount, F is deep seepage, R is runoff, and ∆W is the change of soil moisture in 0-100 cm between the beginning and end of the experiment (all in mm). According to the actual situation during the test, groundwater recharge, deep seepage, and runoff were ignored.
where H i is the soil thickness of the i-th layer , γ i is the soil dry bulk density of the i-th layer, and θ i1 − θ i2 is the water content at the beginning and end of the soil calculation period of the i-th layer [19] .
Nitrogen Partial Productivity (PNP)
PNP was calculated by the following formula:
where Y is red jujube yield and F is nitrogen application rate (both kg/hm 2 ) [20].
Economic Benefit
Economic benefit was determined using the following equation:
where E is net income, G is economic income, M is water and nitrogen input, N is red jujube labor cost, and I is other input (all RMB/hm 2 ); The unit price of red jujube is 7.9 RMB and other expenses are 17,400 RMB.
Data Analysis
Microsoft Excel 2010 and Matlab 2018 were used for data calculation, SPSS 16.0 for variance analysis, and Origin 8.0 for drawing.
Results and Analysis
Effects of Water and Fertilizer Treatment on Jujube Root Length and Weight Densities
The root weight and length densities at each sampling point were added separately to represent the total root characteristic value of the root system, and the effect of water and nitrogen coupling on root growth was analyzed (Table 3) . Table 3 . Effect of water and nitrogen treatments on the root system.
Irrigation Level Nitrogen Application Level
Root Length Density (cm/cm 3 )
Irrigation * * Nitrogen application ** ** Irrigation × nitrogen application ** ** Note: * means a significant difference (p < 0.05); ** means a very significant difference (p < 0.01); ns means no significant difference (p > 0.05).
Root length and weight densities were very significantly affected by the interaction of irrigation and nitrogen application (p < 0.01) ( Table 3 ). Irrigation had a significant effect on root length and weight densities. Under the same irrigation level, the root length density increased with the increase in nitrogen application rate. At medium (W2) and high irrigation (W3) levels, there was no significant difference in root length density between the medium nitrogen (F2) and high nitrogen (F3) treatments, but the values were significantly higher than those of the other treatments (Table 3) . At low irrigation (W1) levels, there was no significant difference among treatments except for high nitrogen treatment (F3). The root weight of high nitrogen (F3) was significantly higher than that of the other treatments at the medium irrigation (W2) levels. There was no significant difference in root weight density between the low nitrogen (F1), medium nitrogen (F2), and high nitrogen (F3) treatments at high irrigation (W3).
Effect of Water-Nitrogen Coupling on Jujube Yield and Quality
The water-nitrogen interaction had a significant effect on each quality index level (p < 0.05; Table 4 ). At medium and high irrigation levels, there was a significant difference in single fruit weight under the low nitrogen (F1), medium nitrogen (F2), and high nitrogen (F3) treatments. Under the same irrigation condition, yield was significantly higher for the high nitrogen (F3) than the low nitrogen (F1) and medium nitrogen (F2) treatments (p < 0.05). Vitamin C was significantly higher in the high nitrogen (F3) than the low nitrogen (F1) treatment (p < 0.05) (except for W3), and initially increased and then decreased with the increase in the nitrogen application rate. There was no significant effect on total sugar. Under the same nitrogen application condition, the change trends for yield, total sugar, and vitamin C were the same, with an initial increase and then decrease with the increase in irrigation amount. In general, the W2F3 treatment had the highest yield (8868 kg/hm 2 ) and total sugar (73.13 g/100 g), while vitamin C was highest for W2F2 (120.75 mg/100 g), but did not significantly differ from that for W2F3 (p < 0.05). The economic benefits of jujube under different water and fertilizer treatments did not significantly differ from those under single irrigation and nitrogen application treatments ( Table 5 ). The economic benefit of jujube was 31,883.8 RMB/hm 2 for W1F1 and 44,489.0 RMB/hm 2 for W2F3. Generally, the yield, quality, and economic benefit of jujube were highest for W2F3 treatment. 
Effects of Water-Nitrogen Coupling on WUE and PNP of Jujube
WUE and PNP are the economic yield of crops produced by unit water consumption and nitrogen application rate of crops, which reflect the absorption and utilization process of water by crops and the investment benefit of fertilization, respectively. The irrigation and nitrogen treatments significantly affected jujube WUE and PNP (except for W2F1); WUE ranged between 0.60 and 0.94 kg/m 3 , and PNP was 18.30-35.75 kg/kg. The maximum WUE value was for W1F3 treatment (0.94 kg/m 3 ) and the maximum for PNP was for W3F1 treatment (35.75 kg/kg). Under the same irrigation condition, WUE first decreased and then increased with the increase of the nitrogen application rate under low irrigation (W1) and high irrigation (W3). However, for medium irrigation (W2), the WUE increased with the increase of fertilization amount. Under the same irrigation condition, PNP decreased with the increase in nitrogen application rate. Under the same nitrogen application conditions, low nitrogen (F1) and high nitrogen (F3) increased with the increase in irrigation amount. However, under the medium nitrogen (F2) condition, PNP initially decreased and then increased. Low water and high fertilizer were beneficial to improved WUE, and high water and low fertilizer were beneficial to improved PNP (Figure 4 ). 
Correlation Analysis Between Root System and Yield
The root system directly affects the absorption of nutrients by jujube trees, and thus affects yield. Reasonable irrigation and fertilization can promote the growth and development of the root system and expand the nutrient absorption space, and are conducive to yield increase of jujube trees. The root weight densities and the root length densities of jujube trees showed significant linear relationships with jujube trees yield. With good root growth, jujube yield increased 
The root system directly affects the absorption of nutrients by jujube trees, and thus affects yield. Reasonable irrigation and fertilization can promote the growth and development of the root system and expand the nutrient absorption space, and are conducive to yield increase of jujube trees. The root weight densities and the root length densities of jujube trees showed significant linear relationships with jujube trees yield. With good root growth, jujube yield increased significantly ( Figure 5 ). 
Relationship between Water and Fertilizer Input and Yield, Economic Benefit, Quality, PNP, and WUE of Jujube
A regression analysis was conducted with water and nitrogen input as independent variables and yield, net benefit, total sugar, and vitamin C as respective dependent variables. The effects of water and fertilizer input on the dependent variables were significant, and the coefficient of determination exceeded 0.90 (Table 6 ). Setting the upper and lower limits of irrigation amount as low irrigation (W1) and high irrigation (W3), and the upper and lower limits of nitrogen application as low nitrogen (F1) and high nitrogen (F3), the maximum values of each equation in Table 6 below were obtained by solving the extremum problem using MATLAB, and the irrigation amount and nitrogen rate at the maximum value were obtained. Table 6 . Regression model of water and fertilizer input and jujube yield, economic benefit, quality, partial factor productivity (PNP), and water use efficiency (WUE).
Output variables Regression equation R 2 p
Yield Y1 = −0.0178W 2 + 0.033F 2 The maximum yield occurred for an irrigation amount of 700 mm and nitrogen rate of 340 kg/hm 2 correspondingly, the greatest net benefit was for 745 mm and 388 kg/hm 2 , total sugar was highest for 688 mm and 3362 kg/hm 2 ; vitamin C was highest for 622 mm and 376 kg/hm 2 ; PNP was greatest for 822 mm and 257 kg/hm 2 ; and WUE was highest for 580 mm and 388 kg/hm 2 (Table 7) . Table 7 . Irrigation corresponding to maximum yield, net benefit, total sugar, vitamin C, partial productivity of nitrogen fertilizer (PNP), and water use efficiency (WUE). 
Relationship between Water and Fertilizer Input and Yield, Economic Benefit, Quality, PNP, and WUE of Jujube
A regression analysis was conducted with water and nitrogen input as independent variables and yield, net benefit, total sugar, and vitamin C as respective dependent variables. The effects of water and fertilizer input on the dependent variables were significant, and the coefficient of determination exceeded 0.90 (Table 6 ). Setting the upper and lower limits of irrigation amount as low irrigation (W1) and high irrigation (W3), and the upper and lower limits of nitrogen application as low nitrogen (F1) and high nitrogen (F3), the maximum values of each equation in Table 6 below were obtained by solving the extremum problem using MATLAB, and the irrigation amount and nitrogen rate at the maximum value were obtained. Table 6 . Regression model of water and fertilizer input and jujube yield, economic benefit, quality, partial factor productivity (PNP), and water use efficiency (WUE). Note: W, F, R 2 , and P represent irrigation amount, nitrogen application amount, coefficient of determination, and statistical significance value, respectively.
Output Variables Regression Equation
The maximum yield occurred for an irrigation amount of 700 mm and nitrogen rate of 340 kg/hm 2 correspondingly, the greatest net benefit was for 745 mm and 388 kg/hm 2 , total sugar was highest for 688 mm and 3362 kg/hm 2 ; vitamin C was highest for 622 mm and 376 kg/hm 2 ; PNP was greatest for 822 mm and 257 kg/hm 2 ; and WUE was highest for 580 mm and 388 kg/hm 2 (Table 7) . Table 7 . Irrigation corresponding to maximum yield, net benefit, total sugar, vitamin C, partial productivity of nitrogen fertilizer (PNP), and water use efficiency (WUE). Several indexes cannot all reach their maxima for the same inputs. The yield of total sugar, vitamin C, and WUE was close to the irrigation and fertilization area; however, PNP was very different to these indicators, and so it is not considered a comprehensive evaluation. Using the spatial analysis method, horizontal projection was carried out on the curved surface obtained from the above-mentioned index binary quadratic regression equations to obtain the relationships between irrigation nitrogen supply and relative yield, relative total sugar, and relative vitamins ( Figure 6 ). The maxima of yield, net benefit, total sugar, vitamin, WUE, and PNP did not have the same optima of irrigation and fertilization amounts ( Figure 6 ). The purpose of this study was to find the best comprehensive irrigation and nitrogen application rate, but the units of each treatment are different and so normalization processing was used for analysis. The spatial analysis method used 95%, 90%, 85%, 80%, and 75% of the above five indicators for evaluation, and showed that 95% of the acceptable areas of net benefits and 95% of the acceptable areas of yield and quality did not overlap. However, in 85% of the acceptable areas, there were overlapping areas that simultaneously satisfied several indicators, and the five indicators also had relatively close areas. The irrigation and nitrogen application intervals of 85% of the accepted regional maximum were about 600-628 mm and 360-368 kg/hm 2 , respectively (Figure 7) . Several indexes cannot all reach their maxima for the same inputs. The yield of total sugar, vitamin C, and WUE was close to the irrigation and fertilization area; however, PNP was very different to these indicators, and so it is not considered a comprehensive evaluation. Using the spatial analysis method, horizontal projection was carried out on the curved surface obtained from the above-mentioned index binary quadratic regression equations to obtain the relationships between irrigation nitrogen supply and relative yield, relative total sugar, and relative vitamins ( Figure 6 ). The maxima of yield, net benefit, total sugar, vitamin, WUE, and PNP did not have the same optima of irrigation and fertilization amounts ( Figure 6 ). The purpose of this study was to find the best comprehensive irrigation and nitrogen application rate, but the units of each treatment are different and so normalization processing was used for analysis. The spatial analysis method used 95%, 90%, 85%, 80%, and 75% of the above five indicators for evaluation, and showed that 95% of the acceptable areas of net benefits and 95% of the acceptable areas of yield and quality did not overlap. However, in 85% of the acceptable areas, there were overlapping areas that simultaneously satisfied several indicators, and the five indicators also had relatively close areas. The irrigation and nitrogen application intervals of 85% of the accepted regional maximum were about 600-628 mm and 360-368 kg/hm 2 , respectively (Figure 7 ). 6 . Relationships between water and nitrogen inputs and relative economic benefit, partial productivity of relative nitrogen fertilizer, relative total sugar, relative yield, relative water use efficiency, and relative vitamin C. Note: 0.95, 0.9, 0.85, 0.8, and 0.75 mean ratio of each index of its maximum value. Figure 7 . Comprehensive evaluation of yield, economic benefit, vitamin C, total sugar, yield, water use efficiency (WUE), and partial productivity of nitrogen fertilizer (PNP). Figure 6 . Relationships between water and nitrogen inputs and relative economic benefit, partial productivity of relative nitrogen fertilizer, relative total sugar, relative yield, relative water use efficiency, and relative vitamin C. Note: 0.95, 0.9, 0.85, 0.8, and 0.75 mean ratio of each index of its maximum value.
Dependent Variable Maximum Dependent Variable
Discussion
Agronomy 2019, 9, x FOR PEER REVIEW 11 of 14 e. Relative water use efficiency f. Relative vitamins Figure 6 . Relationships between water and nitrogen inputs and relative economic benefit, partial productivity of relative nitrogen fertilizer, relative total sugar, relative yield, relative water use efficiency, and relative vitamin C. Note: 0.95, 0.9, 0.85, 0.8, and 0.75 mean ratio of each index of its maximum value.
Figure 7.
Comprehensive evaluation of yield, economic benefit, vitamin C, total sugar, yield, water use efficiency (WUE), and partial productivity of nitrogen fertilizer (PNP).
Discussion
In this experiment, jujube roots were sampled in the horizontal and vertical directions, and the root weight and length densities at each sampling point were added to represent the total root characteristic value of the root system. The root length and weight densities of jujube were very Figure 7 . Comprehensive evaluation of yield, economic benefit, vitamin C, total sugar, yield, water use efficiency (WUE), and partial productivity of nitrogen fertilizer (PNP).
In this experiment, jujube roots were sampled in the horizontal and vertical directions, and the root weight and length densities at each sampling point were added to represent the total root characteristic value of the root system. The root length and weight densities of jujube were very significantly affected by the interaction of irrigation and nitrogen application ( Table 3 ) (p < 0.01). In this experiment, within a certain irrigation range, the root length and weight densities of jujube increased with the increase of the nitrogen application rate. This is consistent with the findings of Liu Hongguang et al. [8] and others, who found that increasing the nitrogen supply level under low soil moisture conditions can significantly increase root dry weight and root volume and promote root penetration. There were significant linear positive relationships of root length and weight densities with yield ( Figure 5 ). This shows that irrigation and nitrogen application played an important role in root growth of jujube and affected the yield. Appropriate application of water and nitrogen fertilizer improved WUE (Figure 4 ). WUE was affected by water quantity, but as nitrogen application decreased, WUE decreased-the nitrogen application had a significant effect on WUE. Under the same irrigation condition, within a certain range of nitrogen application, the increase in nitrogen application rate resulted in increased WUE. For low irrigation (W1) and high nitrogen (F3), WUE was at a maximum. PNP decreased with the increase in nitrogen application at the same irrigation level. For high irrigation (W3) and low nitrogen (F1), PNP was the largest. The irrigation improved the ability of crops to absorb nutrients and raised nitrogen use efficiency ( Figure 6 ). Although fertilizer rate low nitrogen (F1) had higher productivity under different irrigation levels, it did not meet the production requirements, so medium nitrogen (F2) and high nitrogen (F3) were beneficial to yield and fertilizer utilization efficiency.
Output and quality are important indicators of economic benefits of jujube [16] . Water and nitrogen are important factors affecting the yield of red jujube. Crop yields differ under different water and nitrogen conditions. When water and nitrogen are insufficient, increasing the amount of irrigation and nitrogen application can improve the yield. When soil fertility is continuously increasing, the effect of water becomes greater, that is, "water promotes fertilizer and water transfers by fertilizer" [21] . However, there is a threshold reaction in water-nitrogen coupling-when lower than the threshold, increasing the water-nitrogen input has an obvious effect of increasing production. Above the threshold, the yield increase is not significant [22, 23] . The irrigation amount and nitrogen rate at the maximum yield in this study were 700 mm and 340 kg/hm 2 (Table 4) , respectively, differing from corresponding amounts of 651-806 mm and 708-810 kg/hm 2 obtained by Wang Zhenhua et al. [5] through parameter estimation and likelihood function combination method, and the irrigation quota and difference obtained by Liu Hongguang et al. [8] ; this is likely owing to the different test sites. The results of Galindo et al. [24] showed that jujube trees grew best in the Mediterranean when the irrigation interval was 274-440 mm. The conclusion of this study is different. The main reason is that our study area is located in the extreme arid area of Northwest China. During the growth period of jujube trees, the effective rainfall is very small and evaporation is very strong. Thus, we conclude that the optimum irrigation interval for jujube trees is 600-628 mm. Ningbo Cui et al. [25] proposed that increasing the irrigation amount and nitrogen rate could improve the total sugar and vitamin C contents of jujube; however, exceeding a certain limit would have the opposite effect, similar to conclusions drawn in our study. We used multiple regression and spatial analyses to comprehensively evaluate yield, quality, WUE, PNP, and other indicators, and the best irrigation and nitrogen application intervals [16, 26] were found in the 85% overlapping areas: irrigation amount of 600-628 mm and nitrogen rate of 360-368 kg/hm 2 (Figure 7) . This irrigation and nitrogen application interval provides a basis for water and nitrogen management of jujube trees with high yield, quality, and efficiency. Thompson et al. [12] and Pierr et al. [15] used spatial analysis to evaluate the agronomic, economic, and environmental benefits of drip irrigation of watermelons and oilseeds, to obtain an appropriate irrigation interval. Thomas et al. [12] [13] [14] and others [16, 26, 27] also applied this method to comprehensively evaluate the agronomic, economic, and environmental benefits of cauliflower under subsurface drip irrigation and nitrogen application, and determined an appropriate combination scheme by looking for overlapping areas. This method can determine an expected value and find the optimal irrigation and nitrogen application interval through overlapping areas, which is feasible in production management and popularization and application.
Conclusions
(1) Under the drip irrigation conditions studied, the treatment W2F3 (irrigation amount = 700 mm and nitrogen rate = 388 kg/hm 2 ) allowed to obtain the maximum simultaneous yield, total sugar, and vitamin C of jujube, which were 8868 kg/hm 2 , 73.13 g/100 g, and 120.75 mg/100 g, respectively. The treatment W1F3 (irrigation amount = 520 mm and nitrogen rate = 388 kg/hm 2 ) achieved the maximum WUE, which was 0.94 kg/m 3 . The treatment W3F1 (irrigation amount = 880 mm and nitrogen rate = 248 kg/hm 2 ) achieved the maximum PNP, which was 35.75 kg/kg.
(2) Multiple regression and spatial analyses were used to obtain the interval where the yield, net benefit, total sugar, vitamin C, WUE, and PNP simultaneously reached maxima of ≥85% when the irrigation amount and nitrogen rate were 600-628 mm and 360-368 kg/hm 2 , respectively, which was conducive to achieving high yield, efficiency, and quality production of jujube using drip fertigation.
